Introduction
Before making welded joints it is absolutely necessary to fulfill plenty of conditions ensuring safe operation of a weldment. The basic criteria include resistance and plastic properties of a welded joint, combining particular elements of the con-struction. By virtue of the beneficial properties, aluminium and its alloys play a significant role in modern constructions. High technological susceptibility, corrosion and chemical resistance as well as relatively low specific gravity decide about the project attractiveness of this material. Due to the above mentioned reasons aluminium alloys are being applied in aviation, automotive, machine-building, electronic, food and chemical industry as well as in various others areas of industry. The process of making typical elements is of ten connected with applying bonding by means of welding technology. Welding is the process of joining materials during thermal process, mainly metals and its alloys, by causing fusion, adding the filler metal or not [4, 10, 12] . The ability to appropriately evaluate the quality of the welded joint is a basic element ensuring its safe and reliable operation.
The fundamental feature of wrought aluminium alloys is their susceptibility to thermal joining. It arises out of many properties, out of which part of them has a beneficial influence on welding process; however, the other part constitute its impediment. High chemical affinity with oxygen results in the surfaces of aluminium and its alloys being covered with the layer of aluminium oxide (Al2O3 ) after having contacted with the air. This tight coating might cause the formation of welding defects or even totally exclude the possibility to make a welded joint. Dissolving gases in liquid aluminium and its alloys is the reason behind the formation of welding defects, mostly porosity. High thermal conductivity coefficient is a substantial difficulty by heating metal and creating fusions. Therefore, in comparison to steel elements, components made from aluminium alloys with the similar thickness have to be bonded e.g. by the use of higher welding current, in order to ensure greater intensity of heat supply. Due to the high coefficient of thermal expansion (CTE) of aluminium, the welding shrinkage, occuring in the welding process, causes high stresses and deformations of welded elements, as well as cracks in fusion welds [4, 6] .
Mechanical and welding properties of aluminium alloys are significantly impacted by their chemical composition. The studies used wrought aluminium alloy, grade EN 5754-H22. Its basic characteristics are as follows:
• good mechanical properties and increased corrosion resistance, especially in marine environment; • dependance of mechanical properties from the magnesium content, when the Mg content increases, the resistance and hardness also increases, but the plasticity decreases; • cold working enhances the ultimate tensile strength (UTS);
• very good welding properties, however; on grounds of lower plasticity properties it shows higher crack sensitivity.
Basic methods of welding aluminium alloys and fusion weld properties
The fundamental and the most commonly used method of welding aluminium and its alloys is electric arc welding in gas shroud by means of consumable and nonconsumable electrode -MIG (Metal Inert Gas) and TIG (Tungsten Inert Gas) method ( Fig.1 and 2 ). This method uses sinusoidal alternating current (AC) and frequencies of supply voltage equalling 50/60 Hz. During the duration of the first half-period, when an electrode is the anode and a welded material -the cathode, occurs a phenomenon called ''cathodic cleaning'' of joint zone. During the second half-period, when an electrode becomes the cathode, it is followed by its cooling and intensively heating of welding puddle as well as melting of material. To enable the arc restriking in half-periods, current pulses characterized by a high frequency and voltage between 9000 -15000V are applied. These impulses ionize the space, where the arc is ignited, enabling electric arc reignition with a small delay. It plays a particular crucial role in this half of cycle, when the electrode is an anode. To achieve the effective ''cathodic cleaning'', one utilizes shielding gases such as argon, helium or mixtures of them. However, it should be observed that only argon is distinguished by the highest efffectiveness factor of the so-called ''cathodic cleaning''. The function of shielding gas consists in destroying layers of nitrogen oxide formed during welding by bombing the aluminium cathode with positive ions of shielding gas [7, 12, 11] . There are also other welding methods, but due to the limited application, their use is diminishing. The benefit of TIG and MIG method is the possibility to weld both automatic, as well as semiautomatic or fully automatic. Chemical composition of welded material as well as shape and type of joint determine the necessity to apply a certain type of filler metal [12] . By selecting the sort of filler metal, the crack sensitivity of fusion weld should be taken into account. The chemical composition of the filler metal is influenced by the degree of blending the applied filler metal with melted material subject to joining (basic material).The smaller the degree of mixing, the lower is the crack sensitivity of the fusion weld. Similarly, applying the filler metal with a melting point that is equal or lower from the melting point of welded material substantially diminishes sensitivity to intercrystalline cracking in the heat-affected zone (HAZ). It is caused by smaller shrinkage stresses established during the fusion weld crystallization, when in the zone of influence there are non-solidified materials with the lower melting point. Therefore, using the filler metal with the higher content of alloying elements, it is possible to limit the formation of fusion weld cracks. The more plastic is the fusion weld material from the welded material, the smaller are the shrinkage stresses formed during selfcooling. Moreover, when choosing the filler metal the following factors should be taken into consideration: strength requirements of a welded joint (weldment), resistance to corrosion and to joint operating temperature. Corrosion resistance is achieved by ensuring the same chemical composition of the fusion weld as the welded material or by applying high purity filler metals [12] . 
Results of quality evaluation of welded joints made from EN 5753-H22 alloy
Studies of welded joints used sheet metals from aluminium alloy with EN 5754-H22 magnesium, classified as wrought alloy with very good welding properties [12] . Chemical composition of the selected material was presented in tabel 1 and their mechanical properties were described in table 2. 12 probe sets were prepared, each of them was subject to Tungsten Inert Gas (TIG) welding, applying other process variables. Butt weld joints (Fig.3) of sheets with thickness of 6 mm were subject to evaluation.
The purpose of these studies was to achieve a weld with the smallest welding defects possibile to assess by means of visual inspection. The following parameters were changing: welding current intensity, shielding gas flow rate, welding speed as well as the type of filler metal. Welding parameters were presented in tabels 3 -6. The results of welding were depicted on Fig. 4 -7 . To conduct the studies of quality of welds the method of x-ray industrial tomography [2, 3, 8, 9, 13] was applied. The evaluation of probes was made on the basis of images taken from CT scanner belonging to the company GE, exactly from v|tome|x m300 model equipped with panel detector (Fig. 8) . Fig. 9 . presents tomograms of welded joint, on which one might observe the excess penetration bead coming out of the root of a weld (a) and longitudinal gas cavity (b). However, it should also be noted that the transparent view of this probe discloses the internal defect in the form of non-metalic inclusions within weld (c). . describes tomograms of welded joint, on which one might observe the internal defect of welded joint in the form of a single gas cavity with a spherical shape (a) and excess penetration bead coming out of the root of a weld (b). Moreover, the shape error of welded joint in the form of fault of welded elements in relation to one another (c). The transparent image of the probe in question exposed additionally the internal non-metallic inclusions within weld (d). From the acquired tomograms (Fig.15) it stems out that the welded joint is not characterized by any internal defects, with the exception of a single 1 mm air cavity. Not to mention that on this transparent image single non-metallic inclusions were observed (b) (Fig.16) . 
Summary
The article describes the results of X-ray examinations of two probes conducted with CT scanner, which, as a result of visual inspection, revealed the biggest (W II pr.7) and the smallest (W VIII pr.1) external welding incompatibilities. The purpose of these examinations was to determine the influence of process variables of welding on the quality of weld joints. From the tomograms' analyses it can be assumed that changing the welding wire AIMg3 (probe W II pr. 7) to AIMg5 (probe W VIII pr. 1) as well as the increase in value of welding current intensity from 130 A to 140 A by the simultaneous reduction of welding speed resulted in the quality improvement of welded joints in question ( Fig. 9 and 10) . Furthermore, the ratios of setting balance were changed, that is from -28% to -10%, which had a positive effect on cleaning the surface layer of aluminium from oxides impeding welding b performance ( Fig. 11 and 12) . The above mentioned examples confirm the possibility to use the X-ray computer assisted tomography and provide the proof for its suitability to evaluate the quality of welded joints. Further strength tests should prove that the direction of changing parameters that leads to the improvement of weld joints properties of the aluminium alloy in question is the right one.
